Changing Pre-service Primary-school Teachers’ Attitude Towards Mathematics by Collaborative Problem Solving  by Zsoldos-Marchis, Iuliana
 Procedia - Social and Behavioral Sciences  186 ( 2015 )  174 – 182 
Available online at www.sciencedirect.com
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Academic World Education and Research Center
doi: 10.1016/j.sbspro.2015.04.100 
ScienceDirect
5th World Conference on Learning, Teaching and Educational Leadership, WCLTA 2014 
Changing pre-service primary-school teachers’ attitude towards 
Mathematics by collaborative problem solving 
Iuliana Zsoldos-Marchisa* 
aBabes-Bolyai University, Sindicatelor 7, Cluj-Napoca 400029, Romania 
Abstract  
Primary school teachers’ attitude towards Mathematics influences their pupils’ attitude. A pupil with a positive attitude is more 
likely to develop his/her mathematical problem solving skills, thus developing a positive attitude towards Mathematics in case of 
pre-service primary school teachers is very important. This paper presents the results of a research on de efficiency of 
collaborative problem solving in changing pre-service primary school teachers attitude towards Mathematics. During the 
intervention in the experimental group collaborative learning methods was used; in the control group the problem solving was 
made with more traditional way, using individual and frontal activities. The results show that students from the experimental 
group had a statistically significant positive change on how much they like Mathematics; their beliefs in the utility of 
Mathematics improved; and after the intervention they liked more to solve non-routine problems. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
A positive attitude is important as studies show that there is a relation between students’ performance and their 
attitude to Mathematics (Mohd, Mahmood & Ismail, 2011; Marchis, 2013); students with a positive attitude towards 
Mathematics have better problem solving skills and like more to solve non-routine problems (Marchis, 2013); they 
invest more effort in solving a problem, and they give up later in case of an unsuccessful problem solving. 
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Students’ attitude are influenced by their teachers’ attitude (Ford, 1994; Marchis, 2011a); teachers’ negative 
beliefs about Mathematics have a strong influence on their teaching practice (Uusimaki & Nason, 2004). Thus it is 
important to develop a positive attitude towards Mathematics among pre-service primary school teachers. 
This paper presents a research on the efficacy of collaborative problem solving in developing a positive attitude 
towards Mathematics among pre-service primary school teachers.  
2. Theoretical background 
2.1. Attitude towards Mathematics 
Attitude towards Mathematics is a positive or negative feeling towards Mathematics (McLeod, 1994) or by a 
more complex definition, it is “an aggregated measure of a liking or disliking of Mathematics, a tendency to engage 
in or avoid mathematical activities, a belief that one is good or bad at Mathematics and a belief that Mathematics is 
useful or useless” (Ma & Kishor, 1997, p. 27). Students’ beliefs about the utility of Mathematics influences their 
attitude towards Mathematics and mathematical problem solving. In a study with primary school pupils, 
Kloosterman and Clougan (1994) have observed that many times pupils can’t give concrete examples, why 
Mathematics is useful in their future life, they just motivate the utility of it by the fact that they need Mathematics 
for the major exams in their life. 
Attitude towards Mathematics is influenced by many factors, which are categorized in three groups: factors 
related with the student, factors related with the school and teacher, and factors related with the environment and the 
society. Factors associated with the student include their mathematical results (Köğce et al, 2009), their past 
experiences (Maio, Maio, & Haddock, 2010), their extrinsic motivation (Tahar et al, 2010), The factors associated 
with the school, teacher and teaching include the teachers’ content knowledge and personality, the teaching methods 
and materials used in the classroom, teaching topics with real life enriched examples (Duatepe-Paksu & Ubuz, 2009; 
Yilmaz, Altun & Olkun, 2010), and the teachers’ attitude towards Mathematics (Ford, 1994). Related with the 
environment, the home environment (for example, the parents’ occupation (Köğce et al, 2009)) and the image of the 
Mathematics in the society (Ernest, 2004) are important factors. 
A positive or negative attitude develops in time and it changes with time (Rubinstein, 1986). Many pupils have a 
positive attitude towards Mathematics, when they start school, and this become less positive during school years 
(Ma & Kishor, 1997, Köğce et al, 2009). This could be explained by the increase of task difficulties and the pressure 
put on pupils to cope with these demanding tasks (Philippou & Christou, 1998). In case of pre-service primary 
school teachers, studies shows, that their attitude to Mathematics changes for the better from their beginning of 
studies to their end of studies if the mathematical courses during their study years develop their critical thinking 
about Mathematics and their ability to think mathematically (Macnab & Payne, 2003), or a positive attitude towards 
Mathematics is promoted (Henderson & Hudson, 2011). 
Students’ correct self-efficacy and self-judgment are also important for a positive attitude towards Mathematics. 
Self-efficacy is students’ beliefs about their mathematical abilities, their confidence in successfully solving a task 
(Pintrich et al, 1993), and it influences the choices what students make, the effort they invest, how they face 
difficulties, while solving problems (Bandura, 1991). Self-judgment is the recognition of the relationship between 
the achieved performance level and the quality of the learning process (Zimmerman, 2000). Students’ with a high 
self-judgment are more willing to invest effort in learning (Hagen & Weinstein, 1995). 
2.2. Collaborative problem solving 
Collaborative problem solving is “the capacity of an individual to effectively engage in a process whereby two or 
more agents attempt to solve a problem by sharing the understanding and effort required to come to a solution and 
pooling their knowledge, skills and effort to reach that solution” (OECD, 2013). Collaborative problem solving 
competency incorporates individual problem solving competency with collaborative work skills. Individual problem 
solving competency requires understanding and modeling the problem, applying problem solving strategies, and 
applying self-regulation and metacognitive processes for monitoring the problem solving process and verifying the 
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solution (Hacker, Dunlosky, & Graesser, 2009; Funke, 2010). Social skills needed for collaborative problem solving 
are sharing understanding respective establishing and maintaining team organization (Fiore et al, 2010). 
Collaborative problem solving has many advantages: the output is better than in case of individual problem 
solving (Dillenbourg, 1999; Johnson & Johnson, 1999); students are more involved in problem solving and students 
with lower mathematical abilities feel more confident (Nebesniak, 2007) because they are helping and supporting 
each other (Benjamin, Bessant, & Watts, 1997); collaborative problem solving support the development of 
mathematical communication and logical reasoning skills (Davidson, 1990; Haller et al, 2000); students see a wider 
range of problem solving strategies and alternative solutions (Gillies, 2000). 
Cooperative problem solving techniques are suitable for collaborative problem solving. 
3. Research 
3.1. Research design 
This research was carried out in the first semester of the 2013/2014 university year at Babes-Bolyai University 
(Romania) with pre-service primary school teachers. 
3.1.1. Research goal 
The aim of this research is to study the efficacy of collaborative problem solving in developing a positive attitude 
towards Mathematics. We formulated the following research questions: 
- Does cooperative problem solving influence students’ attitude towards Mathematics? 
- Does cooperative problem solving change students’ attitude towards problem solving in general, and non-
routine problems in particular? 
- Does cooperative problem solving increase students’ beliefs in their mathematical abilities and their self-
judgment? 
3.1.2. Research sample 
The sample is made from two groups of Preschool and Primary School Pedagogy specialization students from 
Babes-Bolyai University: one group with 20 second year students – the control group, and one group with 20 third 
year students – the experimental group, in total 40 students. These two groups had this Mathematics course in the 
same semester due to curricula change. Also, for both of the groups this course was their first Mathematics course 
during their university studies.  
38 students are female and 2 male, this reflects the gender distribution among pre-service and n-service primary 
school teachers. All the students were in the 19-23 age interval. 
3.1.3. Research tool 
The research tool was a questionnaire with 13 items: 3 demographical items asking students’ year of study, 
gender, and age; and 10 items related with attitude towards Mathematics, items measured on a 4 point Likert scale: 1 
– don’t agree, 2- a bit agree, 3 – agree, 4 – totally agree. Cronbach’s alpha reliability of the questionnaire is 0.79. 
Students from the experimental and control group were twice tested with this questionnaire: at the beginning and 
at the end of the semester.  
3.1.4. Intervention 
During the intervention in both groups the goal was to develop students’ problem solving competence by learning 
problem solving strategies and solving non-routine problems. Both groups were taught by the researcher and in both 
groups the same problems were solved. 
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In the control group individual and frontal work was used: students got time for individual thinking and problem 
solving, then the solution was discussed frontally on the blackboard. 
In the experimental group cooperative problem solving techniques were used (see Table 1 for the implemented 
techniques). Some of these techniques are taken from the literature, some of them are adaptations from the literature, 
and some of them are developed by the researcher (find more solving strategies, compose a problem based on a 
partial solution, cascade, and contribute to a problem). 
 
 
Table 1. Cooperative problem solving techniques used during the intervention 
Working in pairs Working in groups 
Think-pair-share 
Thinking-aloud pair problem solving 
Find more solving strategies 
Compose a problem based on a partial solution 
Cascade 
Contribute to a problem 
Send a problem 
Jigsaw technique 
 
In the following we describe these cooperative problem solving techniques: 
Think-pair-share: Students get a problem, which they solve it individually (at least try to solve it). Then they 
discuss the solution in pairs, reconcile and improve their solution together (Felder & Brent, 2009). 
Thinking-aloud pair problem solving: Students work in pairs: one pair member as the explainer and the other one 
as the questioner. The explainers explain the problem and the solution, the questioner ask questions any time the 
explanation is not clear or not complete. For the next problem the roles are changed. (adaptation from Felder & 
Brent, 2009)  
Find more solving strategies: Students work in pairs. Each pair get a problem which they solve it, then pass the 
problem and the solution to another pair. They check the given solution, solve the problem using another strategy, 
and pass the problem and the two solution to another pair. They check the two solutions, solve the problem using 
another strategy, and pass the three solutions to the initial pair, who checks them. 
Compose a problem based on a partial solution: Students work in pairs. Each pair compose a problem which 
they solve it. They write the solution on an A4 paper, then cut a piece of this paper (for example they can cut the 
paper in two vertically, or they can cut a horizontal band, etc.). They pass this piece to another pair, who try to guess 
what the problem about and compose a problem with the data identified in the paper piece. Then they solve this 
problem. Then each pair first meet the pair from who they got the problem, then they meet the pair to whom they 
sent the piece of the solution. Together compare the two problems. 
Cascade: Each team member gets a problem, but these problems are built on each other, i.e. the second problem 
can be solved using the result of the first problem; the third problem can be solved using the result of the second 
problem, etc. The first student solves the first problem, then he/she passes it to the second student. The second 
student checks the solution of the first problem and he/she solves the second problem, etc. The last student gives 
back the problem sheet to the first student, who checks the solution of the last problem.  
Contribute to a problem: Each student gets a problem (these problems could be related by the topic, but they can 
be solved separately), which he/she solves individually. Then the team gets a problem, which requires data from the 
problems solved individually by the team members. The team checks the solutions obtained by each team member 
and then they solve the team problem. 
Send a problem: Each group compose a problem and writes the text of the problem on a card; then they pass the 
problem to another group. Each group solves the problem they get; then they pass the solution back to the group 
who composed the problem, they evaluate the solution. (adaptation from Kagan, 1989) 
Jigsaw technique: Students work in two groups: main groups and jigsaw (expert) groups. Each main group get 
the same problem sheet, to each student is assigned one problem. Each student solves the problem, then the students 
having the same problem discuss their solutions in the jigsaw group. Each student returns to his/her main group, 
where he will be the expert of his/her problem. Everybody from the group solves the whole problem sheet. The 
expert helps, if it is necessary, and verifies the team-members’ solutions (adaptation for problem solving from 
Șengül  & Katranci, 2014; technique first described in (Aranson et al, 1978)). 
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If we observe the above described cooperative problem solving techniques, we see that almost all of them 
alternate individual work with pair/group work. The researcher it consider important that in every cooperative 
problem solving technique an individual problem solving moment to be included. While solving mathematical 
problems, the most difficult steps are understanding the problem and choosing/discovering the most suitable 
problem solving strategy. If students start to solve a problem in group, someone from the group will offer the 
idea/problem solving strategy, the others will only apply it.  
Using techniques cascade and contribute to a problem the responsibility of each student is higher, because the 
team result is based on their individual work. Also students are highly motivated for checking their mates work, as 
their own work directly depends on their colleagues work.  
Less than half of the pre-service primary school teachers like to explain their solution (Marchis, 2013). 
Cooperative problem solving techniques helps students to improve their explanations, especially thinking-aloud pair 
problem solving method and Jigsaw technique. 
Using find more strategies cooperative problem solving technique, students are forced to think to solve a problem 
using more problem solving strategies. Usually students solve a problem with a strategy, and they don’t think about 
other problem solving strategies, and this behavior is typical even for primary school teachers, as only less than 10% 
of them are thinking on solving a problem with more strategies (Marchis, 2011b). But for a future teacher is 
important to be aware that a problem could be solved correctly using different strategies. Usually teachers with poor 
problem solving competence accept from pupils only the strategy taught by them, because they are not sure that the 
other strategy proposed by the pupil is correct or not. This cooperative technique could cause difficulties for 
students, maybe they can’t solve the given problem with different strategies, because for them that problem is 
typical for a special strategy. In this case the teacher could give hints. 
Composing problems is an important skill for a future teacher. Only 11.8% of the pre-service primary school 
teachers like to compose their own problems (Marchis, 2013). Compose a problem based on a partial solution and 
send a problem techniques help students to exercise their problem composing skills. 
3.2. Results and discussion 
We grouped the items in three clusters: students’ attitude towards Mathematics, students’ attitude towards 
problem solving, and students’ beliefs about their mathematical competence. The data for these items are presented 
in Table 2, Table 3, respectively Table 4. In case of each item students had to choose between 1 – don’t agree, 2- a 
bit agree, 3 – agree, and 4 – totally agree. In the statistics we worked with these numbers, calculating the mean and 
standard deviation. For each item the pre-test and post-test results are presented for both groups, comparing the pre-
test results of the experimental and control group; the post-test results of the experimental and control group; 
respectively the pre-test and post-test results of the experimental group.  
The items related with students’ attitude towards Mathematics are presented in Table 2. We could observe that in 
the experimental group was a statistically significant grow related with the affirmation I like Mathematics (the 
average grown with 0.20, which is significant with t(19)=-2.18 and p =0.04), while in the control group the average 
of the values for this affirmation even dropped with 0.05. In case of the affirmation Mathematics is boring both 
group improved their results with 0.10. It is interesting that in case of the affirmation Mathematics is difficult the 
average of the control group didn’t change, but in the case of the experimental group this value increased with 0.15, 
so students considered Mathematics more difficult after the intervention. The researcher think that this could be 
explained by the fact that in case of cooperative problem solving students have to explain their solutions, they are 
forced to think deeply, not only to apply a solving strategy. Also the fact that during the course non-routine 
problems were promoted could contribute to this result. In case of the item Mathematics will be useful for me in the 
future the experimental group improved its result with 0.15, while the control group dropped its average with 0.10.  
Table 3 presents affirmations related with students’ attitude towards problem solving. We could observe that in 
case of each affirmation from this table the values decreased for both groups. As regarding positive attitude towards 
problem solving (item I like to solve mathematical problems) the value decreased with 0.15 in the experimental 
group and with 0.25 in the control group. This could be explained by the fact that the researcher taught Mathematics 
based on problem solving and emphasized on non-routine problems, and this approach was unusual for students. 
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They were used with learning Mathematics based on working examples, i.e. after the teacher shows a worked 
example students solve more problems of the same type to practice that problem solving strategy. Using this 
approach problem solving is easier for students, because they don’t need to think about what strategies to use, they 
just apply the recently learnt strategy, in this way when students get a problem, they predict a higher probability of 
solving it successfully. Usually if students’ consider a task successfully solvable, they find that task more enjoyable 
(Dickinson & Butt, 1989). Even if positive attitude to problem solving decreased in both groups, in the experimental 
group the value decreased less than in the control group. In case of the item I don’t like to solve more problems of 
the same type the average of the experimental group decreased with 0.30 and of the control group with 0.20. Seems 
that non-routine problems were difficult for students. But they don’t prefer the teaching approach with showing a 
solving strategy then solving more problems of the same type, as for the item After I understand a method, I like to 
solve more problems with the same type the average decreased for both groups, with 0.10 in case of the experimental 
group and with 0.20 in case of the control group. 
 
         Table 2. Students’ attitude towards Mathematics 
Affirmations Tests Groups N Mean St. dev. p t 
I like Mathematics. Pre-test Experimental 20 2.45 0.58 0.44 -0.78 
Control 20 2.25 0.72 
Post-test Experimental 20 2.65 0.66 0.08 -1.80 
Control 20 2.20 0.59 
Pre-test Experimental 20 2.45 0.58 0.04 -2.18 
Post-test 20 2.65 0.66 
Mathematics is boring. Pre-test Experimental 20 1.40 0.57 0.07 1.84 
Control 20 1.80 0.38 
Post-test Experimental 20 1.30 0.22 0.09 1.73 
Control 20 1.70 0.85 
Pre-test Experimental 20 1.40 0.57 0.49 0.70 
Post-test 20 1.30 0.22 
Mathematics is difficult. Pre-test Experimental 20 2.20 0.38 0.39 0.87 
Control 20 2.40 0.67 
Post-test Experimental 20 2.35 0.66 0.87 0.17 
Control 20 2.40 1.09 
Pre-test Experimental 20 2.20 0.38 0.27 -1.14 
Post-test 20 2.35 0.66 
Mathematics will be useful for 
me in the future. 
Pre-test Experimental 20 3.05 0.37 1.00 0.00 
Control 20 3.05 0.58 
Post-test Experimental 20 3.20 0.59 0.35 -0.95 
Control 20 2.95 0.79 
Pre-test Experimental 20 3.05 0.37 0.38 -0.90 
Post-test 20 3.20 0.59 
 
Table 4 contains students’ beliefs about their mathematical competence. In case of affirmation I am good in 
Mathematics the control group’s average increased with 0.10 and the average of the experimental group decreased 
with 0.25, which decrease is statistically significant (t(19)=2.52 and p=0.02). This is an unexpected result, and it 
needed future investigations to find out the reasons. Maybe using cooperative methods students compared 
themselves with their colleagues or they needed deeper mathematical thinking than in case of individual and frontal 
work. We got a similar result for the affirmation If I practice more, I would be better in Mathematics too: the control 
group increased its average with 0.20 and the experimental group decreased with 0.20. As regarding the third 
affirmation, No matter how much time I devote to studying Mathematics, I can’t improve my performance in 
Mathematics, we observe a stagnation in case of the experimental group and an increase with 0.10 in case of the 
control group. So, students’ self-judgment decreased in the experimental group. 
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                 Table 3. Students’ attitude towards problem solving 
Affirmations Tests Groups N Mean St. dev. p t 
I like to solve mathematical problems. Pre-test Experimental 20 2.75 0.72 0.14 -1.52 
Control 20 2.35 0.66 
Post-test Experimental 20 2.60 0.79 0.06 -1.97 
Control 20 2.10 0.51 
Pre-test Experimental 20 2.75 0.72 0.38 0.90 
Post-test 20 2.60 0.79 
I don’t like to solve more problems of 
the same type. 
Pre-test Experimental 20 2.20 0.80 0.63 0.49 
Control 20 2.35 1.03 
Post-test Experimental 20 1.90 0.62 0.35 0.95 
Control 20 2.15 0.77 
Pre-test Experimental 20 2.20 0.80 0.08 1.83 
Post-test 20 1.90 0.62 
After I understand a method, I like to 
solve more problems with the same 
type. 
Pre-test Experimental 20 3.20 0.59 0.44 -0.78 
Control 20 3.00 0.74 
Post-test Experimental 20 3.10 0.73 0.23 -1.09 
Control 20 2.80 0.80 
Pre-test Experimental 20 3.20 0.59 0.49 0.70 
Post-test 20 3.10 0.73 
 
 
                     Table 4. Students’ beliefs about their mathematical competence 
Affirmations Tests Groups N Mean St. 
dev. 
p t 
I am good in Mathematics. Pre-test Experimental 20 2.25 0.51 0.23 -1.23 
Control 20 1.95 0.68 
Post-test Experimental 20 2.00 0.53 0.84 0.20 
Control 20 2.05 0.68 
Pre-test Experimental 20 2.25 0.51 0.02 2.52 
Post-test 20 2.00 0.53 
If I practice more, I would be 
better in Mathematics. 
Pre-test Experimental 20 3.20 0.69 0.30 -1.05 
Control 20 2.90 0.94 
Post-test Experimental 20 3.00 0.42 0.66 0.44 
Control 20 3.10 0.62 
Pre-test Experimental 20 3.20 0.69 0.26 1.16 
Post-test 20 3.00 0.42 
No matter how much time I 
devote to studying 
Mathematics, I can’t improve 
my performance in 
Mathematics. 
Pre-test Experimental 20 1.65 0.87 0.73 0.35 
Control 20 1.75 0.72 
Post-test Experimental 20 1.65 0.66 0.45 0.74 
Control 20 1.85 0.77 
Pre-test Experimental 20 1.65 0.87 1.00 0.00 
Post-test 20 1.65 0.66 
 
181 Iuliana Zsoldos-Marchis /  Procedia - Social and Behavioral Sciences  186 ( 2015 )  174 – 182 
4. Conclusions, limitations and future work 
In this research we studied how cooperative problem solving influence students’ attitude towards Mathematics 
and mathematical problem solving, students’ beliefs in their own mathematical abilities, and their self-judgment. 
The results show that cooperative problem solving has a positive influence on students’ attitude towards 
Mathematics, the experimental group had a statistically significant positive change in liking Mathematics.   
We obtained some unexpected results: the cooperative problem solving decreased students’ beliefs in their 
mathematical abilities and their self-judgment. Future investigations are needed: to repeat the research with bigger 
sample size, and if the results is the same, to find out how cooperative problem solving decrease students’ beliefs in 
their mathematical abilities and their self-judgment. 
This research has an important limitation: it was carried out during a university course on which the constant 
presence of each student can’t be insured. Usually students with positive attitude towards learning Mathematics have 
a better presence on the courses than students with a less positive attitude. This second category is that one which 
could really change their attitude towards Mathematics and problem solving using cooperative problem solving 
techniques. Another limitation is related with the duration of the intervention. This course was only one semester 
long (14 weeks), and developing a positive attitude towards mathematics and problem solving needs more time. 
Would be interesting to repeat this research with a longer intervention lasting at least two semesters. Unfortunately 
the students involved in this research have only one Mathematics course lasting one semester during their studies. 
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